Child labor is a phenomenon that has attracted a great amount of attention and research. Theoretical propositions suggest that child labor is inefficient if it adversely affects future earning ability. This paper contributes to the literature on the effects of child market work on human capital by focusing on the long-term growth in human capital, which is widely known to significantly affect earning ability. The paper also uses better measures of human capital by focusing on the output of the human capital production function: numeracy skills, cognitive skills, and pulmonary function. Using a rich longitudinal dataset on Indonesia, we find strong negative effects of child labor on the growth of both numeracy and cognitive skills in the next seven years. In addition, we find a strong and negative effect on pulmonary function as measured through lung capacity. Comparing the effects by gender and type of work, we find that female child workers suffer more adverse effects on mathematical skills growth, while male child workers experience much smaller growth in pulmonary function. We also find that child workers who work for pay outside the family bore worse effects compared to child workers who work in the family business.
I. Introduction
In their theoretical work, Baland and Robinson (2000) state that child labor is inefficient if it adversely affects a child's future earning ability. In addition, Grootaert and Kanbur (1995) note that when child labor displaces schooling and schooling has a positive externality, then child labor is inefficient. These propositions have precipitated much empirical research on the effect of child labor on human capital, with the majority of studies using education attainment or school enrollment as a proxy for human capital (Basu, 1999; Edmonds, 2008) .
The use of education attainment or school enrollment as a proxy for human capital has one main weakness. They are measures of input into the human capital production function and do not reflect the output of the production function (Edmonds, 2008; Gunnarsson, Orazem, and Sanchez, 2006) . Moreover, in an environment where school quality is low, then input does not usually translate to output (Dumas, 2008) . Finally, a number of recent studies find that holding schooling attainment constant, the output of the human capital production function as proxied through test scores has a positive and significant effect on personal income and economic growth (Hanushek and Woessmann, 2008) .
A number of studies also examine the effect of child labor on health as the second aspect of human capital. However, some use subjective measures of health such as disruptions to activity due to health conditions (Wolff and Maliki, 2008), or objective measures that are known to be determined early in an individual's life such as height (Beegle, Dehejia, and Gatti, 2009 ; O'Donnell, Rosati, and van Doorslaer, 2005) . Ideally, the health measures used must be objective and could still be affected well into a person's life.
In addition to the difficulties in determining the appropriate outcomes on which the effect of child labor is estimated, the literature has also found different results. Conceptually, the effect of child labor on human capital is ambiguous. On one hand, working can displace schooling. Even in the case where working and schooling go hand-in-hand, the negative effect of working can come through reducing time available for studying, playing, and sleeping (Edmonds and Pacvnik, 2005) . On the other hand, child labor may provide the household with sufficient income to keep children in school. Indeed, many studies cited in the literature reviews by Basu (1999) and Edmonds (2008) find zero or positive effect of child labor on school enrollment and education attainment.
Similarly on health, child labor can impart stress on a young body, result in contacts with hazardous material, or result in exhaustion (O'Donnell, Rosati, and van Doorslaer, 2005). However, the additional income can be used to maintain the health of children and buy sufficient food. Grootaert and Kanbur (1995) note that if survival depends on work in the informal sector, then the most sensible solution is to take children out from school and put them to work.
In this paper, we estimate the effect of child labor on the accumulation of human capital. Our paper makes several contributions to the literature. First, we measure the effect of child labor on the growth of human capital over a seven-year period, by using a rich longitudinal dataset in Indonesia. Only few studies in the literature can examine the effect of child labor on the growth of human capital (for example O'Donnell, Rosati, and van Doorslaer, 2005), while most can only look at the contemporaneous effect of child labor on human capital due to the general lack of longitudinal dataset in developing countries.
Secondly, we use an objective measure of health that may be directly affected by child labor: pulmonary function as measured through lung capacity. We believe this is a better measure of the potential adverse effect of child labor on health as child workers may be more exposed to low air quality in their workplace and experience irreversible adverse effects on their health, or could experience lower physiological growth due to excessive physical activity.
Thirdly, the data allow us to begin the initial step in distinguishing the heterogeneous effect of child labor based on whether the work is for wage outside the family or for the family business. This may only address the issue of the human capital effects of hazardous or the worst forms of child labor (Dessy and Pallage, 2005 ) in a very limited way, but still an important one given the lack of empirical evidence on this particular type of heterogeneity in the literature thus far.
We organize the rest of the paper as follows. The next section describes the datasets used in the paper. Section III discusses child labor in Indonesia, while Section IV outlays the estimation strategy. Section V presents the main estimation results, while sections VI and VII examine gender and type of work heterogeneities respectively. The penultimate section uses working hours as the main independent variable, and the final section concludes.
II. Data
The first dataset that we use is the National Labor Force Statistics (Sakernas), which is an annual, nationally representative, repeated cross-section, labor force survey that collects activity data of individuals older than 10 years old in the sample households, although the depth of its representativeness varies by year. We use Sakernas to show the share of children IFLS added a specific child labor module (B5A-DL4) starting in the 2000 wave. The module is administered to children below 15 years old, and records market work both inside and outside the household. In addition, the module records the age at which a child worker began working, hours worked in the past week, and wage rate of the children who work outside the household.
Child labor has many different definitions. In this paper, we focus on child market work defined as a child who is engaged in economic work in the past month. The definition of economic work is participation in the production of economic goods and services (Edmonds, 2008) . Market work can be conducted both inside the household and outside the household. In the case of child workers, market work inside the household is usually unpaid.
Although our main discussion uses the definition of child market work as defined in the previous paragraph, IFLS allows us to use two other definitions of child market work: any market work when an individual is between 5 and 14 years old; and market work in the past week. Comparing these two definitions with the one we use, the first is a less firm definition while the second is a firmer definition. Therefore, we expect that the effect of child market work on human capital accumulation would be smallest if we define child market work using the first alternative definition and largest if we use the second alternative definition.
IFLS also conduct mathematics and cognitive tests, to children 7 -14 year olds (EK1) and 15-24 year olds (EK2). The former contains five numeracy problems and 12 shape matching problems, while the latter contains five numeracy problems and eight shape matching problems. The numeracy problems in EK2 are significantly more complex than those in EK1. These modules were first included in the third wave of the survey in 2000. The identical modules were then re-enumerated to individuals in the 2007 survey round. The procedure is as follows. Individuals who had taken EK1 in the third wave were told to retake EK1 in the fourth wave. In addition, if these individuals were already at least 15 years old in the fourth wave, they were also asked to answer EK2. Note that these individuals had been 7 -14 years old in the third wave and were around 14 -21 years old in the fourth wave. 
III. Child Market Work in Indonesia
Similar to developing countries in general (Edmonds, 2008) . child market work in Indonesia is related to poverty (Kis-Katos and Sparrow, in press; Suryahadi, Priyambada, and Sumarto, 2005) We begin this section by presenting the participation rate in market work for children 10-14 from 1986 to 2007. Figure 1 shows the participation rate by gender. The rate for males was always higher than females throughout the period, and they exhibited the same pattern. After slightly increasing between 1986 and 1989, child market work participation rate began to decline between 1990 and 1996, during Indonesia's high economic growth period when annual output growth reached close to seven percent and the headcount poverty rate declined from 32 percent to 17 percent (Suryahadi et al., 2009). During this period, the decline in child market work was around 35 percent proportionally for males, from five percent to 3.2 percent, and around 37 percent proportionally for females, from 3.5 to 2.2 percent.
[FIGURE 1 HERE]
The child market work participation rates then soared to 9.1 percent for males and 6.4 [
FIGURE 3 HERE]
The second aspect that we examine is work intensity as measured through working hours per week. Figure 4 shows the working hours for the whole sample, disaggregated by [FIGURE 5A HERE]
The pattern is more striking when we examine the rest of the occupation sectors, as shown in Figure 5B . The largest increase took place in the other services sector, which includes occupations like domestic helper. 5 In 2000, about 2 percent and 3.4 percent of male and female child workers respectively were working in this sector. By 2000, the share for male child workers reached 2.8 percent while the share for female child workers almost tripled to 9.1 percent. On the other hand, the share of male child workers in the other occupations declined between 2000 and 2007, while the share of female child workers increased in all other sectors except construction.
[
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Linking the information of occupation sectors to strenuous and hazardous work, the fact that the higher participation rate of male child workers in construction and mining sectors may imply that male child workers would be more susceptible to lower growth in health conditions than female child workers. In addition, it may also be possible that the kind of work that male and female child workers are engaged in is different even in the same occupation sector. In any case, these observations indicate the possibility of gender heterogeneity in the effect of child labor on human capital growth.
To conclude, we find that child market work participation rate in Indonesia, annually In this paper, we use an instrument that to our knowledge has not been attempted before: provincial legislated minimum wage levels. The choice to use minimum wage as an instrument is motivated by Basu (2000) , whose theoretical work finds minimum wage changes to have the potential to directly affect the extent of child labor. In addition, the process in determining minimum wage in Indonesia is conducted in such a way that we have no apriori reason to suspect that minimum wage may influence our outcomes of interest through other channels beyond its influence on the decision to send a child to work.
According to Suryahadi et al (2003) , minimum wage in Indonesia is calculated based on a bundle of consumption items deemed essential for the livelihood of a single worker, around 2,600 to 3,000 calories per day. Until the end of 2000, each province has a single minimum wage level, determined through a tripartite discussion process attended by employee representatives, employers, and the government. Therefore, the level of legislated minimum wage is the result of province-specific conditions and the between-province variation in minimum wages reflects the variation in prices and negotiation results.
Our instrumental variable specification is then:
where MW p is the legislated minimum wage in province p. Since IFLS provides information on the year that each child worker began working, we match the minimum wage level in the particular year and province where the child worker began working. The majority of child workers in our sample, 79 percent, began working between 1997 and 1999, at the height of the economic crisis in Indonesia. For the non-child workers, we assign the minimum wage values according to their province of residence and predicted year that they would have begun working, based on their birth year.
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Summary statistics
The summary statistics are shown in Table 1 [ Among the independent variables, we observe no difference in education attainment in 2007 between child workers and non-workers. In fact, the child workers appeared to be able 
V. Estimation Results
We follow the studies we mention in the previous section by assuming child market work to be endogenous. Therefore, we focus on the two-stage least squares (2SLS) estimation results as shown in Table 2 . The estimation results using the two alternative definitions we discuss in Section II are shown in Appendix 2, while the OLS estimation results are shown in Appendix 3. It is important to note three issues. First, the instrument performs strongly, as shown through the large first-stage F statistics. Second, comparing the OLS with the 2SLS estimation, results, we find the effect of child market work to be larger when market work is considered as endogenous, implying that the OLS results are underestimated. This is consistent with the finding of Gunnarsson, Orazem, and Sanchez (2006). Third, Table 2 and Appendix 2 show that the effects of child market work on human capital accumulation do become larger as we move from the loosest to the firmest definition of child market work.
We find that children who were engaged in market work in 2000 experienced around one standard deviation lower growth in mathematics skills compared to children who were not engaged in market work in 2000. The effect is especially substantial when measured in years of schooling. According to Suryadarma (2010), one additional year of schooling in Indonesia increases mathematics skills by about 0.13 standard deviations. Therefore, the effect of child market work on mathematics skills accumulation is worth about 7.7 years of schooling. Given that the time period in our study is seven years, the results practically imply that the child workers did not experience any growth in mathematics skills between 2000 and 2007.
TABLE 2 HERE]
The effect on child market work on cognitive skills growth is similarly large relative to the effect on mathematics skills growth, of about 1.1 standard deviations. Therefore, we find that holding education attainment constant, engaging in market work significantly reduces a child's mathematics and cognitive skills growth, and that the effects on these two skills are similarly large. Given that we are controlling for years of schooling in 2007, the effect of child market work on skills growth could happen through less hours available for studying, which happens in Tanzania (Akabayashi and Psacharopulous, 1999) . Unfortunately, we have no data on time use and as such are unable to investigate whether this is the case in Indonesia.
Looking at the health effects of child market work, meanwhile, we find that the only health measure that is significantly affected is lung capacity. 
VI. Gender Heterogeneity
We do not observe significant gender differences in terms of child market work participation rate, type of work as reflected through place of work, or, among the child workers, working hours in 2000. However, we may still see gender heterogeneity in the effects of child market work due to other reasons, such as participation in different tasks (Edmonds, 2008) . Table 3 shows the estimation results of the effect of child market work when we separate the sample by gender.
The estimation results show that female child workers experience a larger negative effect on mathematics skills growth than male child workers by as much as an additional 0.4 standard deviations. Although the sizes of the standard errors imply that the gender difference may not be statistically significant, the size of the effect remains substantial.
In addition, we also observe large and statistically significant gender heterogeneity in the effect of child market work on lung capacity growth. Male child workers have close to two standard deviations lower growth compared to male non-child workers in terms of lung capacity between 2000 and 2007. In contrast, the effect of child market work on females' lung capacity growth is 0.7 standard deviations. Since smaller lung capacity is associated with higher air pollution and more inferior respiratory condition, the results suggest that male child workers may be working in a worse environmental condition than female child workers.
[ 
VII. Type of Work Heterogeneity
Heterogeneity in the effect of child market work can also take place between child workers who work inside their household and those who work outside their household. As an example, the child workers who are working for their parents, although unpaid, may not work as intensely as those who are working for pay outside the household. 8 In a study in the United States, Evans and Smith (2005) find that the long-term effects of exposure to air pollution include heart attack and angina.
Although working hours is only an indirect measure of work intensity, Figure 4 indeed shows a gap of nearly 11 9 The assumption that working for wage outside the household is worse than working for the family business may or may not be true. As an example, injury rate from child market work in agriculturewhich may include working in family-owned land -is higher than the injury rate in child market work in manufacturing -which most likely falls under working for wage (Ashagrie, 1998) . However, most of the worst forms of child labor as discussed in ILO (2002) , such as bonded labor, prostitutes, soldiers, or involvement in pornography, are done outside the household.
hours per week between child workers who work in their family business and those who work for wage in 2000.
In this section, we examine whether type of work heterogeneity in the effect of child market work on human capital accumulation exists. However, we are somewhat constrained by the small sample size of child workers who are working for wage, because 81 percent of the child workers in our sample were working for the family business. Due to the small sample size, there is no enough variation in the child labor status (the comparison group in each estimation consists of non-child workers) and, as such, the instrument variable does not perform as strongly as in the other results. In addition, we do not explicitly model the decision to work inside or outside the household. To the extent that the decision is related to the outcomes that we are measuring and have no controls for, then the estimation results may be inconsistent.
However, we believe that this is an important yet largely unexplored aspect in the research of the effect of child labor. Therefore, we still present the results in Table 4 . We find that the effect of child market work is different based on the type of work that the child is engaged in. The results on growth in mathematics skills, cognitive skills, and lung capacity suggest that working for wage has much more severe negative effects on the human capital accumulation of child workers. Comparing the coefficients, the effects of working for wage are about twice as severe than the effects of working in the family business.
VIII. Working Intensity
An indicator of market work participation masks the effect of different work intensity.
For this reason, many studies that examine the effects of child labor also use working hours as their main independent variable. 10 The results continue to show significant and negative effects on growth in mathematics skills, cognitive skills, and lung capacity. In addition, there is no effect on height growth or standard deviations of mathematics and cognitive skills growth, and 0.1 standard deviations lower lung capacity growth.
IX. Conclusion
Child labor is a phenomenon that has attracted a great amount of attention and research.
Theoretical propositions suggest that child labor is inefficient if it adversely affects future earning ability. We contribute to the literature on the effects of child market work on human capital by focusing on the long-term growth in human capital. We also use better measures of human capital by focusing on the output of the human capital production function: numeracy skills, cognitive skills, and pulmonary function.
After controlling for education attainment, we find strong negative effects of child labor on the growth of both numeracy and cognitive skills in the next seven years. Comparing the effects, it appears that child labor's negative effects on these important skills are similarly large. In addition, we find a strong and negative effect on pulmonary function as measured through lung capacity.
Differentiating the effects by gender, we find that the adverse effect of child labor on the growth in mathematics skills is larger for females. We also find that male child workers experience much smaller growth in pulmonary function. The latter implies that male child workers may be working in areas with higher air pollution. We also investigate whether the effects are different by work type. We indeed find that children who were working for pay outside the family in 2000 had much lower growth in skills and pulmonary function by 2007 compared to children who were working in the family business. Based on the estimation results in Section VIII, a channel where some of this larger adverse effects come through may be the longer working hours of the child workers who were working outside the household.
In closing, while many studies find no effect or even a positive effect of child labor on the input to the human capital production function of the child workers, our focus on the output of the production function unearths strong and large negative effects. Our results also imply that the effects of child labor on human capital accumulation may be much worse in other developing countries poorer than Indonesia, where a higher share of children are working and those child workers are working for wage in factories or other locations outside the household. Therefore, child labor remains a phenomenon that needs to be seriously addressed by policymakers, especially in developing countries. 11 Note: *** p<0.01, ** p<0.05, * p<0.1; White-Huber robust standard errors were computed. The instrumental variable used is provincial minimum wage in the year that a child worker began working or a non-child worker is predicted to have begun working. Note: *** p<0.01, ** p<0.05, * p<0.1; White-Huber robust standard errors were computed. The instrumental variable used is provincial minimum wage in the year that a child worker began working or a non-child worker is predicted to have begun working. All control variables are included in the estimation, but not shown for brevity. Note: *** p<0.01, ** p<0.05, * p<0.1; White-Huber robust standard errors were computed. The instrumental variable used is provincial minimum wage in the year that a child worker began working or a non-child worker is predicted to have begun working. All control variables are included in the estimation, but not shown for brevity. Note: *** p<0.01, ** p<0.05, * p<0.1; White-Huber robust standard errors were computed. The instrumental variable used is provincial minimum wage in the year that a child worker began working or a non-child worker is predicted to have begun working. Note: *** p<0.01, ** p<0.05, * p<0.1; White-Huber robust standard errors were computed.
